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Colorimetric Detection 



Field of the Invention: 

The present invention relates to the field of colorimetric detection of i 
and peptides by mixed vesicles used therefor. 



Background of the Invention 

The use of ionophores for the selective detection of ions in aqueous solutions 
is described in the literature as are colorimetric methods. However the 
methods which utilize ionophores for detection of ions are generally based 
on complex mechanisms such as fluorescence and reqiiire analytical devices 
for detection and the use of various materials as carriers of the ionophores 
into the solution. Colorimetric methods known for detection of ions are 
generaUy based on chemical interactions between an indicator compound 
and the ion. Since ionophores are known to be hydrophobic many different 
methods of introducing them into aqueous solutions are known. The use of 
ionophores for colorimetric detection of ions, more particularly cations, 
combined with the use of specialized polydiacetylene (PDA) vesicles as 
carriers of ionophores into aqueous solutions are not known. 

Many methods of evaluating peptides and their interaction with 
physiological membranes have been described in the Hteratxire. These 
methods are based on chemical and spectroscopic methods such as 
fluorescence, nuclear magnetic resonance and infira-red spectroscopy. Some 
of these methods have been known to utilize simple Hpid based vesicles. The 
use of colorimetric detection of peptides and their activity and the use of 
PDA based matrix vesicles in the detection of peptides and peptide activity 
is not known. 

It is therefore a purpose of the present invention to provide a highly 
selective colorimetric detection method of cations in solutions. 
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U is further a purpose of the present inve„t.ou to provide novel carriers of 
ionophores into aqueous solutions. 

It is yet a further purpose of the present invention to provide coloriraetric 
detection of ^emhrane-hinding of short antihiotic peptides and merabrane 

peptides. 

A further purpose of the present invention .s to provide a col— 
detection method of n^en^brane-hinding of short antihioUc peptides and 
n>embrane peptides which utiUzes a mixed vesicle assembly. 

A further purpose of the present invention is to provide a detection 
eolorimetric detection method which is sensitive to the amino acid sequence 
of the peptides wherein said peptides are peptides in which smgle amu,o 
-Tcids have been-repiaced or omitted in positions which have structural and 
physiological importance. 

"1 III limn rr tif ^^'^ Tnvftntion 

5^:;;;;^:-;;;-—,,, . ..^ective colonmetric detection m.hc 
using mixed vesicles comprising a polymerized matrix and phosphohp.ds 
„heL supramolecular vesicle assembHes comprising of three constttuents 
exhibit color transitions. Said method is used for the selective co—c 
aeteotion method of specific cations in aqueous — =7"^° 
using mixed vesicles comprising a polymerized PDA based matr^, 
phosphohpids and ionophores. It has been discovered that supramolecu^r 
vesicle assembhes comprising of three constituents, namely polymenzed 
polydiacetylene ^BA, matr., P—ids such ^as 
diinirystoylphosphatydilchohne 

dipahnitoylphosphatydilchohne PPPd, -d ionophores, such a 
vaUnomydn and monensin, exhibit blue-to-red color transttrons m he 
presence of small quantities of specific cations in solution. The colomnetrrc 
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transitions occur both when ions are added to a solution containing the 
mixed vesicles and the ionophores, or by adding ionophores into solutions 
containing the vesicles and the ions. Furthermore the present invention 
provides the use of said vesicles as ionophore carriers in aqueous solutions. 

The present invention further provides colorimetric detection of 
membrane-binding of short antibiotic peptides and membrane peptides. 
Furthermore a colorimetric method which utihzes a vesicle assembly 
comprising of a polymerized PDA based matrix, such as polydiacetylene 
[PDA] matrix and phospholipid molecides, such as 
dimirystoylphosphatydilcholine [DMPC] and 

dipalmitoylphosphatydilchohne [DPPC] is provided. Color change is 
detected upon interactions of these vesicles with short antibiotic peptides, 
and with peptide domains which span physiological membranes wherein..the_ 
color changes are not due to any chemical reaction or bond cleavage, but are 
characterized by physical interactions between membrane peptides and Hpid 
bHayers wherein these physical iateractions affect both the binding 
between the short peptides and phosphoUpid bilayers as weU as 
conformational changes undergone by both the peptides and the lipid 
bilayers. 

In a further aspect of the invention the detection is sensitive to the amino 
acid sequence of the peptides wherein said peptides are peptides in which 
single amino acids have been replaced or omitted in positions which have 
structural and physiological importance, give rise to different color changes 
compared with the native sequences. 
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Ttrifif Description of t>.«> Drawings 



Fi^re 1 : Uv/vis absorption spectra of blue vesicles [intact PDAyDMPC 
vesicles, or PDA/DMPC/ionophore vesicles not in the presence of ions], and 
red vesicles [PDA/DMPC vesicles in the presence of melittin, or 
PDA^MPC/ionophore in the presence of the selectively-bound cation]. 

Figure 2: Change of the ratio of absorbance at 500nm ["red" phase] and 
620nm ["blue" phase] of DMPC/PDA vesicles mixed with monensin, upon 
addition of cation solutions at 50 ng/mL 

Figure 3: Change of the ratio of absorbance at 500nm ["red" phase] and 
620nm ['TDlue" phase] of DMPC/PDA vesicles mixed with vahnomycin. upon 
addition of cation solutions at 50 ng/mL 

Figured Temporal change of relative absorbance of the peak at 620nm 
[blue], and at 500nm [red] after addition of mehttin to: a. DMPC/PDA 
vesicles; and b. DPPC/PDA vesicles. 

Figure 5: Relative intensity of peak at 500nm [red phase] observed for 
DMPC/PDA vesicles to which magainin and magainin analogs have been 
added, respectively. 

Figure 6: Relative intensity of peak at 500nm [red phase] observed for 
DMPC/PDA vesicles to which mehttin and mehttin-L9W has been added. 

FigureJT: Circular dichroism [CD] spectra of mehttin in water solution; 
mehttin in aqueous solution containing DMPC/PDA vesicles; mehttin-L9W 
in aqueous solution containing DMPC/PDA vesicles. 
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Detailed Description of Preferred Embodiments of the Invention 
The following description is illustrative of preferred embodiments of the 
invention. The following description is not to be construed as limiting, it 
being understood that the skilled person may carry out many obvious 
variations to the invention. 

According to a preferred embodiment of the invention the colorimetric 
detection of cations in solution using mixed vesicles containing 
PDA/phosphoUpids/ionophores by supramolecular vesicle assembhes 
comprising of three constituents, namely polymerized polydiacetylene [PDA] 
matrix, phosphoUpids such as dimirystoylphosphatydilchohne [DMPC] and 
dipalmitoylphosphatydilchohne [DPPC], and ionophores, such as 
valinomycin and monensin, exhibit blue-to-red color transitions in the 
-presence -of— small -quantities—of— cations— in solution. . The colorimetric 
transitions occur both when ions are added to a solution containing the 
mixed vesicles and the ionophores, or by adding ionophores into solutions 
containing the vesicles and the ions. The color changes are dependent upon 
the ionophore embedded in the polymerized hpid matrix. In the presence of 
valinomycin, for example, the vesicles exhibit a blue-to-red color change 
upon addition of potassium ions [Figure 3], while in the case of 
DMPC/PDA vesicle mixture containing monensin there is a color change 
only in the presence of sodixmi ions [Figixre 2], Following the binding to the 
ions and the conformational changes of the ionophores, the vesicle structirre 
is perturbed and a color change from blue to red is observed due to the 
perturbation. Because of the high selectivity of the ionophores, the vesicles 
will change color only in the presence of the particular ions binding to the 
respective ionophores in solution, making these, molecular assembhes highly 
sensitive and selective ion-detection systems. Such ion sensitive systems 
are extremely important for many biological and medical-diagnostic 
apphcations. Potential apphcations include determination of extra- and 
intra-ceUular cation concentrations, ion-channel activities, evaluation of the 
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effects of therapeutic drugs, which modify ion-channels, and general 
selective diagnostic kits for cations in solution. 

According to a further preferred embodiment of the present invention a 
colorimetric detection method of membrane -binding of short antibiotic 
peptides and membrane peptides by utilizing a vesicle assembly consisting 
of a polydiacetylene [PDA] matrix and phospholipid molecules, such as 
dimirystoylphosphatydilcholine [DMPC] and 

dipabnitoylphosphatydilcholine [DPPC] is provided. Color change is 
detected upon interactions of these vesicles with short antibiotic peptides, 
and with peptide domains which span physiological membranes. The 
detection method is sensitive to the amino acid sequence of the peptides; 
peptides in which single amino acids have been replaced or omitted in 
positions which have structural and physiological importance, give rise to 
different color changes compared with the native sequences. Figure 1 
depicts the uv-vis absorption spectra of the unperturbed DMPC/PDA 
vesicles [blue phase], and vesicles treated with lO^iM solution of melittin 
[red phase]. The color changes are due to hydrophobic and electrostatic 
interactions between the phosphohpids. which essentially form 
"membrane-like" domains within the PDA matrix, and the peptides. The 
color changes have been observed for solutions containing the peptides 
mehttin, magainin, alamethicin, as weU as transmembrane peptide domains 
such as M2 of the acetylcholine receptor. The color changes are not due to 
any chemical reaction or bond cleavage, but rather to the physical 
interactions between membrane peptides and Hpid bilayers. These physical 
interactions affect both the binding between the short peptides and 
phosphoHpid bilayers as weU as conformational changes undergone by both 
the peptides and the hpid bilayers. One evidence for the above is that the 
blue-to-red color changes of mixed phosphoHpid/PDA vesicles in the 
presence of melittin, for example, occur at room temperature only in the 
presence of DMPC, which forms a fluid Hpid phase at this temperature. 
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However, when the PDA vesicles contain DPPC - which is in the gel-phase 
at room temperature, no color change is observed since melittin do not 
penetrate lipid bilayers in the gel phase. These results are shown in Figiire 
4. The present invention is sensitive to the amino acid sequence of the 
peptides; peptides in which single amino acids have been replaced or 
omitted in position, which have structural and physiological importance, 
give rise to different color changes compared with the native sequences. The 
differences in color changes arise from two related mechanisms. In one 
group of antimicrobial peptide analogs, there are no or minimal interactions 
of the analogs with the membrane domains in the PDA matrix thus 
producing no color change. This is shown for magainin and its analogs in 
Figure 5. Indeed Figure 5 shows insignificant color changes induced by 
magainin-analogs in which lysine- 11 has been replaced with glutamic acid, 
and in the sequence- where=both lysine-10-and4ysine-U. have been similarly 
replaced with glutamic acid. In both cases the replacement of the 
positively-charged residues significantly reduces the electrostatic driving 
force for magainin to bind to the phosphate moieties with the phospholipids. 

In another group of peptide analogs examined, alteration of certain 
amino-acids gives rise to drastically different chromatic effects, an example 
of which is depicted in Figure 6. In several mehttin analogs in which amino 
acids have been altered or omitted in the putative helix regions of the 
peptide we have detected enhanced colorimetric responses of DMPC/PDA 
vesicles, as compared with the native mehttin sequence. Figure 6 depicts, 
for example, a comparison between the extent of appearance of red color of 
the vesicles following interaction with native mehttin and a mehttin analog 
in which Leu-9 has been replaced with tryptophan (mehttin-L9W), 
respectively. The vesicles appear clearly more reddish upon interaction with 
mehttin-L9W compared with the native sequence. Furthermore, we find 
that the color changes associated with several mehttin analogs examined 
occur faster than native mehttin, and are often accompanied by aggregation 
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and precipitation of the vesicles. These observations most likely indicate 
that the mehttin analogs adsorb onto the head-groups of the 
phosphoUpids through electrostatic interactions with the charged residues 
in the sequence. However unlike native mehttin. the analogs do not 
penetrate into the hpid bilayer because their hehx-formation capabilities 
have been reduced or ehminated. Indeed, the leucine residue at position 9 in 
mehttin is critical for the formation of an alpha-hehx. FoHowing the 
electrostatic interactions with the phosphate headgroups of the 
phosphoUpids, the mehttin analogs induce higher surface perturbation of 
the vesicles, thus giving rise to the observed enhanced color changes. This 
analysis is supported by circular dichroism [CD] data shown in Figure 7. 
The CD spectrum shows that mehttin clearly adopts a hehcal conformation 
in the presence of DMPC/PDA vesicles, indicated by the minimum observed 
at around 208nm. However, the mehttin analog hi which Leu-9^has been 
replaced with tryptophan does no"t foTi^hehx. but rather gives rise to CD 
spectra associated with a sheet-hke structure. Because of the direct 
relationships between the peptide sequences and color change of the 
vesicles, the technique, which we have discovered, may have important uses 
in biopharmaceutical apphcations and biochemical 

research-and-development. Among the potential apphcations are: 
high-throughout screening of antibiotic peptides Hbraries, diagnostic kits for 
antibiotic peptides, development of anti-microbial drugs which induce 
membrane perturbations and/or lysis, and elucidating the factors affecting 
peptide-membrane interactions. 
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CLAIMS 



1. A selective colorimetric detection method using mixed vesicles 
comprising a polymerized matrix and phospholipids wherein 
supramolecular vesicle assembhes comprising of three constituents exhibit 
color transitions. 

2. A method according to claim 1 for the detection of cations in aqueous 

solutions. 

3. A method according to claim 2 wherein the vesicle further comprises an 

ionophore. 

4. A method according to claim 3 wherein supramolecular vesicle 
assemblies comprising of three constituents exhibit blue-to-red color 
transitions in the presence of small quantities of cations in aqueous 
solutions. 

5. A method according to claim 1 wherein the polymerized matrix of the 
vesicle is a polymerized polydiacetylene [PDA] matrix. 

6. A method according to claim 1 wherein the phospholipid is selected 
from dimirystoylphosphatydilcholine [DMPC] and 
dipalmitoylphosphatydilchoHne [DPPC]. 

7. A method according to claim 1 wherein the ionophores are selected 
from among valinomycin and monensin. 

8. A method according to claim 4 wherein the colorimetric transitions 
occur when ions are added to a solution containing the vesicles and the ions. 
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9. A method according to claim 4 wherein the colorimetric transitions 
occvirs by adding ionophores into solutions containing the vesicles and the 



ions. 



10. A vesicle as described in claims 5 and 6 for use as means for 
introducing ionophores into aqueous solutions. 

11. A method according to claim 1 for colorimetric detection of 
membrane-binding of short antibiotic peptides and membrane peptides. 

12. Colorimetric detection according to claim 11 utiUzing a vesicle 
assembly comprising of a polymerized matrix and phosphoUpid molecules, 
wherein the color change is detected upon interactions o f these vesicles wit h 
short' antibiotic "VeVtidlsr and ^ domains which span 
physiological membranes characterized in that the color changes are due to 
physical interactions between membrane peptides and Upid bilayers. 

13. Colorimetric detection according to claim 12 wherein the polymerized 
matrix is polydiacetylene [PDA] matrix. 

14. Colorimetric detection according to claim 11 wherein the phosphoHpid 
molecule is selected from among dimirystoylphosphatydilchohne [DMPC] 
and dipalmitoylphosphatydilchohne [DPPC]. 

15. Colorimetric detection according to claim 12 wherein said physical 
interactions affect both the binding between the short peptides and 
phosphoHpid bilayers as weU as conformational changes undergone by both 
the peptides and the hpid bilayers. 
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16. Colorimetric detection according to claim 11 which is sensitive to the 
amino acid sequence of the peptides detected. 

17. Peptides as described in claim 16 in which single amino acids have 
been replaced or omitted in positions which have structural and 
physiological importance, give rise to different color changes compared with 
the native sequences. 
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